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Abstract
OBJECTIVES—The purpose of this study was to assess the prevalence and distribution of
coronary artery calcium (CAC) across Framingham Risk Score (FRS) strata and therefore
determine FRS levels at which asymptomatic, young to early middle-age individuals could
potentially benefit from CAC screening.

BACKGROUND—High CAC burden is associated with increased risk of coronary events
beyond the FRS. Expert panel recommendations for CAC screening are based on data obtained in
middle-age and older individuals.

METHODS—We included 2,831 CARDIA (Coronary Artery Risk Development in Young
Adults) study participants with an age range of 33 to 45 years. The number needed to screen
([NNS] number of people in each FRS stratum who need to be screened to detect 1 person with a
CAC score above the specified cut point) was used to assess the yield of screening for CAC. CAC
prevalence was compared across FRS strata using a chi-square test.

RESULTS—CAC scores >0 and ≥100 were present in 9.9% and 1.8% of participants,
respectively. CAC prevalence and amount increased across higher FRS strata. A CAC score >0
was observed in 7.3%, 20.2%, 19.1%, and 44.8% of individuals with FRSs of 0 to 2.5%, 2.6% to
5%, 5.1% to 10%, and >10%, respectively (NNS = 14, 5, 5, and 2, respectively). A CAC score of
≥100 was observed in 1.3%, 2.4%, and 3.5% of those with FRSs of 0 to 2.5%, 2.6% to 5%, and
5.1% to 10%, respectively (NNS = 79, 41, and 29, respectively), but in 17.2% of those with an
FRS >10% (NNS = 6). Similar trends were observed when findings were stratified by sex and
race.

CONCLUSIONS—In this young to early middle-age cohort, we observed concordance between
CAC prevalence/amount and FRS strata. Within this group, the yield of screening and possibility
of identifying those with a high CAC burden (CAC score of ≥100) is low in those with an FRS of
≤10%, but considerable in those with an FRS >10%.
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CAC is associated with an increased risk of coronary heart disease (CHD) events and
provides incremental risk prediction beyond the Framingham Risk Score (FRS) (1).
Coronary artery calcium (CAC) increases with age and is associated with traditional risk
factor burden. In addition, higher CAC burden (CAC score ≥100) carries a greater risk of
CHD events (1), and compared with traditional cardiovascular risk factors alone, CAC
scoring improves risk classification for the prediction of CHD events (2).

To date, some expert panels have recommended testing for CAC in intermediate-risk
individuals (FRS predicted 10-year risk 10% to 20%) (1,3) and state that although it could
be reasonable to screen for CAC in low- to intermediate-risk (FRS 6% to 10%) individuals,
it is reasonable to do so in those at intermediate risk (FRS 10% to 20%) (4). Others suggest
that there is more harm than benefit resulting from CAC measurement in intermediate-risk
individuals (5), and yet other panels suggest a benefit of widespread CAC screening in all
asymptomatic men 45 to 75 years of age and asymptomatic women 55 to 75 years of age,
except for those defined as very low risk based on the absence of any traditional
cardiovascular risk factors (6). With the exception of a study by Taylor et al. (7), most of the
studies cited by these consensus panels examining associations between CAC and CHD
events included participants with mean ages older than 50 years, likely because of lower
power to detect CHD events in the younger population. Thus, expert recommendations are
even less clear about screening for CAC in the younger population even though this
population is still at risk of the development of CAC and CHD events (7).

We previously observed, based on the distribution of CAC relative to FRS, in the Multi-
Ethnic Study of Atherosclerosis cohort (mean age, 60.9 years), that there might be minimal
benefit to screening for clinically significant levels of CAC in very low risk persons with an
FRS of ≤5% (8). However, for young and early middle-age persons, an appropriate FRS
threshold above which CAC screening might be useful is unclear. Although some studies
examined the relationship between CAC distribution and FRS (9–15), none were performed
in individuals younger than 50 years of age.

In the younger to early middle-age asymptomatic biracial cohort of the CARDIA (Coronary
Artery Risk Development in Young Adults) study, we sought to ascertain the prevalence and
distribution of CAC across Framingham risk categories, stratified by sex and race. These
associations can then form the basis for determining the yield of CAC screening, and
therefore the FRS ranges for which CAC scoring might be beneficial in risk assessment.
Findings from this study may facilitate further risk stratification for young, asymptomatic
individuals predicted to be at low or intermediate 10-year risk by age and traditional risk
factors.

METHODS
The CARDIA study is a multicenter, prospective cohort study designed to investigate the
evolution of CHD risk in young adults. Details of the study design, as well as inclusion/
exclusion criteria and baseline characteristics, were described previously (16). Briefly, the
CARDIA study enrolled 5,115 black and white participants (55% women), ranging from 18
to 30 years of age, during the period 1985 to 1986 from 4 U.S. urban areas (Birmingham,
Alabama; Oakland, California; Chicago, Illinois; and Minneapolis, Minnesota). The
institutional review boards at all the study sites approved the study protocol, and written
informed consent was obtained from all study participants. The study was designed to
include approximately balanced numbers of participants by age, sex, race, and education
level.
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For the current study, we included men and women with measured coronary calcium at the
year 15 (our study baseline) examination (n = 3,043), when the mean age was approximately
40 years. From this number, we excluded 170 participants with diabetes because they are
considered high-risk under current National Cholesterol Education Program Adult
Treatment Panel III guidelines (17), and we focused on evaluating the yield of screening in
individuals at lower risk. Additionally, 41 participants were excluded due to missing FRS
equation covariates.

Risk factor measurements
Data on cigarette smoking status, age, race, socioeconomic measures, diabetes history, and
medication use were obtained by participant self-report (16). Current smoking was defined
as at least 5 cigarettes per week almost every week for at least 3 months. Family history of
myocardial infarction was obtained using a self-administered questionnaire. Blood pressure
was measured 3 times with a random-zero device, and the average of the last 2
measurements was used. Body mass index was calculated by dividing weight in kilograms
by the square of the height in meters. The CARDIA study physical activity history
questionnaire was used to assess physical activity, which was coded as exercise units (18).
Venous blood samples were obtained from participants after a 12-h fast. Plasma
triglycerides and total and high-density lipoprotein cholesterol were determined using an
enzymatic assay by Northwest Lipids Research Laboratory (Seattle, Washington). Low-
density lipoprotein cholesterol was then derived using the Friedewald equation (19).

Agatston CAC measurement and scoring were previously described (20). The presence of
CAC was defined as having a positive, nonzero Agatston score determined from the average
of 2 scans. Because of the young age of the participants, each scan set with at least 1
nonzero score was reviewed and verified by an expert investigator who was blinded to the
scan scores. There was reasonable agreement between scans (kappa = 0.79, with only 3.6%
discordance). For this study, CAC scores were categorized as >0 or ≥100. The prevalence of
advanced CAC (CAC score ≥300 or 400) was too low in this cohort because of the younger
age of the participants. As such, we made use of a lower cut point (CAC score ≥100,
previously shown to be associated with increased risk of CHD events) (1) in our definition
of high CAC burden. Concurrent FRS 10-year risk of CHD was calculated and stratified as
follows: 0 to 2.5%, 2.6% to 5%, 5.1% to 10%, and >10%. Further stratification of FRS
categories for those with an FRS >10% would not have been meaningful due to the relative
youth and therefore low-risk composition of our study cohort.

Statistical analysis
All analyses were performed using SAS software, version 9.2 (SAS Institute, Cary, North
Carolina). A 2-tailed p value <0.05 was considered statistically significant. The Framing-
ham 10-year risk estimates for all participants were calculated using the risk prediction
functions from the National Cholesterol Education Program Adult Treatment Panel III
guidelines (17) based on an update from the Framingham methodology reported by Wilson
et al. (21). The covariates included in the FRS calculation were age, total and high-density
lipoprotein cholesterol levels, current smoking status, systolic blood pressure, and the use of
antihypertensive medication. Baseline characteristics were compared according to FRS 10-
year risk strata and by CAC categories using general linear models for continuous variables
and cross-tabulations for categorical variables. A chi-square test was used to compare the
prevalence of CAC categories across FRS 10-year risk strata for the participants included in
this study, then after stratification by sex and race. All analyses performed for the current
study (CARDIA year 15 examination; age range, 33 to 45 years) were also repeated in
secondary analyses using data from the CARDIA year 20 examination (age range, 38 to 50
years). NNS was defined as the number of people who need to be screened to identify 1
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individual with a CAC score above the pre-specified CAC cut point in each FRS category. It
was calculated by dividing the total number of participants by the number of people with a
CAC score >0 (or ≥100) in each FRS stratum. The CAC amount was represented by median
CAC scores in FRS groups.

RESULTS
Baseline characteristics

Our study sample consisted of a total of 2,832 black and white participants (mean age, 40.3
years [range, 33 to 45 years]; 53% women). With the exception of body mass index and
some measures of socioeconomic status, there were significant differences in most of the
traditional risk factors (including FRS) between those with a CAC score of 0 versus a CAC
score >0 and a CAC score <100 versus a CAC score ≥100 (Table 1). Race and physical
activity were significantly different for the CAC score of 0 versus >0 categories, but not
CAC score <100 versus ≥100 categories. Ninety percent of individuals with a CAC score
≥100 and an FRS >10% smoked, so that cigarette smoking was the prevalent cardiovascular
risk factor among this subset of our study population.

Of 1,501 women in our study, 76 had a CAC score >0. Of these, 66 were premenopausal and
10 were post-menopausal (data not shown). Among pre-menopausal women, 4.9% had the
presence of any CAC versus 6.2% of postmenopausal women (p = 0.45 for comparison of
CAC prevalence between the 2 groups).

Distribution of CAC prevalence, amount, and NNS compared across FRS strata
Table 2 shows the distribution of CAC scores >0 and ≥100 across FRS strata. Overall, CAC
scores >0 and ≥100 were present in 9.9% and 1.8% of participants, respectively. Among
individuals with CAC, median CAC scores increased with higher FRS. As expected, the
prevalence of CAC scores >0 and ≥100 increased across greater FRS strata (Fig. 1) (both p
for trend <0.01). Consequently, the NNS (signifying the number of individuals who need to
be screened to detect 1 person with a CAC score >0 [or ≥100]) decreased with a higher FRS.
In each CAC category, the NNS was higher for lower than higher FRS strata (Table 2). For
example, among those with a CAC score of ≥100, the NNS was 79 for participants with an
FRS of 0 to 2.5% and 6 for those with an FRS >10%.

When data were stratified by sex, the general pattern of distribution of CAC scores >0 and
≥100 across FRS strata remained the same, with a higher prevalence of CAC scores >0 and
≥100 across FRS strata (Table 3). The prevalence of CAC scores >0 and ≥100 was higher in
men than women. Likewise, the overall median CAC scores (among those with CAC) were
higher in men.

Further stratification by race revealed that although the overall prevalence of CAC was
greater in white compared with black participants, the overall median CAC scores were
higher in black than in white participants (Table 4). As with the overall distribution in Table
2, the prevalence of CAC scores > 0 and ≥100 increased with higher FRSs.

The observed prevalence and NNS patterns were similar when CARDIA year 20
examination data were analyzed in the same fashion.

DISCUSSION
We report the prevalence of CAC scores >0 and ≥100 relative to FRS strata in a cohort of
young to early middle-age black and white men and women without diabetes. There was
significant concordance between CAC prevalence/amount and FRS such that the prevalence
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of CAC scores >0 and ≥100 and median CAC scores were low in the lower FRS strata and
increased with higher FRSs. Correspondingly, the NNS to detect CAC scores >0 or ≥100
was lower with higher FRSs. Findings were similar when stratified by sex and race.

Potential implications
The FRS is a useful tool for predicting coronary events, but fails to identify a significant
number of individuals who will have events (22,23). Clinical trial data showing reduced
event rates due to CAC screening are lacking. Nevertheless, recent data showed that
compared with no CAC testing, randomization to CAC screening was associated with
improved coronary artery disease risk factor control without increased downstream medical
testing (24). In addition, CAC predicts CHD events independent of the FRS (1,23) and
appropriately reclassifies low-risk persons who will have events into the high-risk category
(2). In addition, CAC is useful for guiding and monitoring effects of therapy and for
motivating patients in lifestyle and/or drug therapy for cardiovascular risk factor
modification (4). As such, CAC testing is a topic of discussion for different consensus
panels.

In defining FRS thresholds for CAC screening, expert panels have generally focused on
individuals 50 years of age and older and differ in their recommendations for what
constitutes a reasonable FRS threshold at which to screen for CAC (1,3–6). In the current
study, we attempted to determine FRS thresholds at which screening for the presence of
CAC, and especially a high CAC burden, might be useful in young to early middle-age
individuals based on distribution of CAC by FRS strata. Compared with the presence of any
CAC, a high CAC burden (CAC score ≥100) has been associated with greater risk (>2-fold
and as high as a 7-fold increase in multivariable-adjusted relative risk) for CHD events
(1,6,25,26). We therefore focus our discussion for the current study on determining possible
FRS screening thresholds for CAC scores ≥100.

We used the NNS as a tool to aid our prevalence data in determining potential thresholds for
CAC screening across FRS strata. The NNS is an extension of the concept of the number
needed to treat and is typically defined as the number of people who need to be screened to
prevent 1 death or 1 adverse event (27). As in a previous study by our group (8), we defined
the NNS as the number of people who need to be screened to detect 1 person with CAC
above a specified cut point in each FRS stratum. The prevalence and NNS data from our
previous study (of multiethnic men and women 45 to 84 years of age) suggested a low yield
of screening for clinically significant levels of CAC in individuals with an FRS ≤5%.

In the current study, the prevalence of CAC scores ≥100 was low (<5%) among all FRS
predicted strata <10%, and considerably higher (~17%) in those with an FRS >10%.
Correspondingly, the NNS was much higher (NNS>28) in participants with an FRS of 0 to
2.5%, 2.6% to 5%, and 5.1% to 10% compared with those with an FRS >10% (NNS = 6).
Furthermore, the relative difference in NNS for CAC scores ≥100 was reasonably high (5-
fold) for FRSs >10% versus 5.1% to 10%. This relative difference for adjacent FRS strata
was much less (1.4-fold) for FRSs of 5.1% to 10% compared with 2.6% to 5% and ~2-fold
for FRSs of 2.6% to 5% versus 0 to 2.5%. Putting our findings in context, it should be noted
that in the MASS (Multicentre Aneurysm Screening Study) (28), which used abdominal
ultrasound to evaluate the benefit of screening for abdominal aortic aneurysms, the NNS to
prevent 1 death secondary to abdominal aortic aneurysm was 20.4 among those screened.

The prevalence and NNS data from our study suggest a low yield of screening for CAC
scores ≥100 in those young individuals identified as being at lower 10-year risk of CHD
events (FRSs ≤10%). Thus, in this population, an FRS of 10% might represent a logical
threshold for CAC screening in younger adults. This is in agreement with some consensus
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guidelines (1,3) that suggest that persons at intermediate 10-year risk of CHD events (FRSs
of 10% to 20%) are more likely to benefit from screening for CAC to aid further risk factor
interventions, especially in situations in which there is uncertainty regarding the use of drug
therapy. According to the guidelines, those with an FRS >20% are considered to be at high
risk of CHD events and should be appropriately managed with drug therapy and lifestyle
modifications (17). Also in support of expert panels (1,6), our study suggests that decisions
regarding CAC measurement should be made in the context of traditional cardiovascular
risk factors rather than in isolation. As such, data from our study support the avoidance of
radiation exposure, discovery of incidental findings requiring follow-up computed
tomography scans, as well as time, money, and effort spent on CAC measurement for
clinical guidance in young, low-risk patients with an FRS <10%.

Other findings
Consistent with other studies, stratification by sex and race revealed the prevalence and
amount of CAC to be higher in men than in women and CAC prevalence to be higher in
whites compared with blacks (29–33). Contrary to expectations, however, median CAC
scores were higher in black than in white participants, likely due to the skewed distribution
of data as a result of fewer participants in the higher FRS categories. Because of the young
age of the cohort, we did not stratify our data by age. Not surprisingly in this young cohort,
cigarette smoking was the most predominant risk factor among those with CAC scores of
≥100 and FRSs >10%. This represents individuals already at higher risk of CHD/
cardiovascular disease events based on FRS for whom smoking cessation should be
emphasized as a modifiable risk factor, especially if CAC screening revealed significant
CAC burden.

Study limitations
The very low number of CHD events in this young cohort to date precluded validation of
our suggested FRS cut points for CAC screening using event data. Furthermore, due to the
relative youth of our cohort, we had few participants with high CAC burden. As such, we
used a lower cut point for high CAC burden (CAC score ≥100) and could not examine NNS
and FRS distributions relative to advanced CAC burden (CAC scores ≥300 or 400). Our
study, however, is likely representative of the distribution of CAC burden among U.S.
young adults. For the same reason, there were fewer participants with a CAC score of ≥100
in each FRS category when stratified by sex and race. Finally, we did not separate the
intermediate FRS (10% to 20%) from the high FRS (>20%) risk groups because, of 58
individuals with an FRS >10% in this young cohort, only 6 persons had an FRS >20% (3 of
whom had the presence of any CAC).

CONCLUSIONS
In this young to early middle-age nondiabetic, asymptomatic cohort, there was concordance
between CAC prevalence/amount and FRS strata. Our study suggests that in this group of
relatively young individuals, the yield of screening for high CAC burden (CAC score ≥100)
among low-risk persons with an FRS of ≤10% is low. However, CAC testing might be
considered in younger persons with an FRS of ≥10%.
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ABBREVIATIONS AND ACRONYMS

CAC coronary artery calcium

CHD coronary heart disease

FRS Framingham Risk Score

NNS number needed to screen
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Figure 1. CAC Score Compared With FRS
Prevalence of coronary artery calcium (CAC) scores >0 and ≥100 compared across 10-year
Framingham Risk Score (FRS) strata in the CARDIA study. There was significant
concordance between CAC prevalence/amount and FRS such that prevalence of CAC scores
>0 and ≥100 were low in the lower FRS strata and increased with higher FRSs.
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